Introduction
Multicomponent blood collection (MCC) by apheresis allows the collection of different blood components from the same donor during a single apheresis session [1] [2] [3] [4] [5] [6] [7] [8] [9] . Red blood cell (RBC) units can be concurrently collected with plasma and/or platelet (PLT) units. Donor blood volume and blood counts define the range of products that can be collected. Collection efficiency data of RBC apheresis and quality control data (hemolysis and biochemical parameters) show that MCC products meet national guidelines [3, 4] . MCC provides standardized blood products tailored to patients' needs, and has the potential to improve the logistics of blood collection and banking. Apheresis RBC units from current multicomponent systems usually need post-collection manual leukocyte filtration and manual addition of storage solutions.
The objective of this study was to provide data on a new software and disposable tubing set upgrade of the Trima Accel ® system version (V) 6.0 (Terumo BCT Inc., Lakewood, USA) with 2 new features: automated in-line RBC leukoreduction in a continuous process using an in-line filter, and automated addition of saline-adenine-glucose-mannitol (SAGM) additive solution to the leukoreduced RBC product. Procedures were done and data was collected by 2 independent blood banks. RBC quality data for products collected by Trima Accel V6.0 was compared with that for RBC units produced using Trima Accel V5.1 in one site and V5.2 in a second site. The results of evaluation procedures with the new Trima Accel V6.0 showed that the system satisfies in vitro acceptance criteria for 42-day RBC storage [10] [11] [12] . The primary outcome parameter was percent hemolysis in the RBC units after 42 days of storage. The EU requirement is that free hemoglobin (Hb) in plasma after storage does not exceed 0.8% of initial red cell Hb per unit [13] . Secondary outcome parameters were apheresis and storage characteristics, especially for
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Matthes/Ingilizov/Luz Dobao/Marques/ Callaert in the filter. The final RBC product requires no further processing prior to storage and transfusion. At each site, the same RBC and PLT products were targeted for collection on Trima Accel V6.0 and V5.1/5.2.
Subjects
The study was performed from January through April 2011 at the Institute of Transfusion Medicine, University Hospital and Clinics, Leipzig (Germany), and from September 2010 through April 2011 at the Blood Transfusion and Transplantation Center, IPST, IP, Porto (Portugal). All volunteer donors fulfilled the selection criteria of the German and Portuguese guidelines [16, 17] . Because of the requirement to collect both an RBC and PLT product in the study procedures, most of the donors in Leipzig and all in Porto were males. The individual donors donated a PLT and RBC unit in a single collection procedure twice, once in the control (Trima Accel V5.1 or V5.2) arm and once in the test (Trima Accel V6.0) arm. The PLT and RBC products collected within a site had similar volumes and yields. The order of the control and test collections was randomized, and collections were at least 9 weeks apart.
Sampling
A pre-apheresis sample from the donor was obtained from the sampling bag in the inlet line of the Trima Accel tubing set to determine donor parameters (infectious disease markers, blood type, complete blood count, iron status) before each session. The post-procedure sample was taken via the manifold close to the needle within 5 min after completing the procedure. At the Leipzig site, an additional donor sample was taken and analyzed between 7 and 12 days after collection to examine the regeneration of donor hematological parameters. Due to the paired study approach, each donor was sampled also 9 weeks after the first procedure. This gave information on the one hand about the progress of regeneration and on the other hand about the baseline values of the second procedure with the other Trima Accel version.
Assessment of RBC Units
The in vitro RBC function parameters measured were pH, plasma free Hb, plasma potassium, and adenosine triphosphate (ATP) (in Leipzig only). The parameters were measured on days 1, 21, and 42 of storage.
Cell Counts Hct and total Hb were determined in Leipzig using the Cell-Dyn Ruby (Abbott, Chicago, IL, USA) and in Porto using a Beckman Coulter Hematology Analyzer, LH 750 (Fullerton, CA, USA).
Residual White Blood Cells Residual white blood cells (rWBCs) in the RBC unit after filtration were measured at Leipzig by flow cytometry (FACS-C II, Becton Dickenson, San Jose, CA, USA) on day 1 only. In Porto, rWBC were also determined by flow cytometry (Beckman Coulter FC 500) on day 1 only. pH The pH of the RBC units were measured in Leipzig at 37 °C using the inoLab pH System 720 (WTW GmbH, Weilheim, Germany) and in Porto at 37 °C using the Rapid Lab 348 System (Siemens, Munich, Germany).
Plasma Hb
In Leipzig, free Hb was measured in the supernatant after centrifugation and removal of RBCs using the spectrophotometer LS 500 (Dr. Lange Meßplatz, Germany). Percent hemolysis (hemolysis rate) was calculated from plasma free Hb according to the following formula:
Hemolysis (%) = ((100 -Hct (%)) × plasma Hb (mg/dl)/ (total Hb (mg/dl)) (1).
Free Hb for the Porto RBCs was measured in Leipzig using cryopreserved supernatants of the blood samples.
RBC products. Because the changes to the Trima Accel apheresis system in V6.0 do not affect PLT collection outcomes, the storage data for the PLT products are not shown in this paper.
Material and Methods

Study Design
This was a two-center, paired, randomized study comparing apheresis procedures of combined RBC and PLT product collections from control and test systems to evaluate in vitro laboratory measures from 1 to 42 days for stored RBC units collected on the systems. Paired multicomponent apheresis procedures were performed at 2 sites: i) Institute of Transfusion Medicine, University Hospital and Clinics, Leipzig (Germany) -Trima Accel V5.1 vs. V6.0; and ii) Blood Transfusion and Transplantation Center, IPST, IP, Porto (Portugal) -Trima Accel V5.2 vs. V6.0. All donors at the 2 sites underwent 2 apheresis procedures, each including collection of a single RBC unit and a single PLT unit. One procedure was done using the Trima Accel V6.0 system (test) and the other using the Trima Accel V5.1 (control) in Leipzig and the Trima Accel V5.2 (control) in Porto, with a minimal deferral period of 9 weeks between procedures. Both Trima Accel V6.0 and Trima Accel V5.1/5.2 and the corresponding disposable tubing sets were CE-marked for collection of blood products from donors and transfusion of the collected products at the time of the study. At the Leipzig site, the paired study for comparison of Trima Accel V5.1 vs. V6.0 was approved by the Ethical Committee of the University of Leipzig, as performance data was being collected for submission to the German blood products regulatory agency, the Paul Ehrlich Institute.
Collection Procedures on Trima Accel V5.1 and V5.2
The control procedures at the Leipzig site were apheresis donations targeting 245 ml of 80% hematocrit (Hct) RBCs and 250 ml of PLT concentrate containing 3.5 × 10
11 PLTs using the Trima Accel V5.1. 80 ml SAGM were manually added to the RBCs post-donation followed by manual leukoreduction by gravity flow through the filter supplied with the set. The control procedures at the Porto site were apheresis donations targeting 225 ml of 80% Hct RBCs and 93-100 ml PLT hyperconcentrates containing 2.8-3.0×10 11 PLTs collected on Trima Accel V5.2. As in Leipzig, 80 ml SAGM were manually added to the RBCs post-donation followed by manual leukoreduction through the filter supplied with the set. The PLTs collected in Porto were automatically diluted by the Trima Accel V5.2 system after rinseback and donor disconnection with 124-133 ml of platelet additive solution. The products collected in the study were not transfused but were stored and evaluated over storage time at each site.
RBC collection is the same in V5.1 and V5.2, and the RBC leukoreduction filter used post-collection is identical for V5.1 and V5.2. Collection of PLTs and/or plasma, which occurs prior to the collection of an RBC unit on Trima, does not affect how the system collects the RBC product either with standard (V5.1) or hyperconcentrated (V5.2) PLTs, and will not affect the RBC outcomes.
Collection Procedures on Trima Accel V6.0 Trima Accel V6.0 used in the test procedures has 2 new features: i) automatic leukoreduction occurs as the 80% Hct RBC product is collected through an in-line leukoreduction filter (Pall, Port Washington, NY, USA) rather than by post-collection gravity filtration; and ii) automatic addition of RBC storage solution through the filter into the RBC product bag after RBC collection and donor disconnection, referred to as metered addition of RBC storage solution. The storage solution addition process uses the existing pumps on the Trima Accel to deliver the solution to the collected product. The solution is passed through the filter after filtration of the red cells, thereby recovering many of the RBCs that would otherwise remain Comparisons between V5.1/5.2 and V6.0 data were done using paired ttests or, if the data was not normally distributed, using the Wilcoxon signed rank test for determination of differences in medians. For differences between sites, the independent t-test or, if the data were not normally distributed, the Wilcoxon rank sum test were used. Determination of normality and the inferential testing were done using NCSS 2004 (NCSS, Kaysville, USA). Differences were determined using two-tailed tests, and were considered statistically significant for p values < 0.05.
Results
Donor Characteristics
In Leipzig, 15 experienced hemapheresis donors were enrolled in the study and completed the first collection; 13 completed the paired study (11 male and 2 female donors). In Porto, 25 experienced hemapheresis donors were enrolled in the study and completed the first collection; 21 completed the paired study (all were male, as none of the potential female donors could provide the selected combination of products). Donor age averaged 40 ± 12 years in Leipzig and 38 ± 10 years in Porto. All donor blood values were within the normal range before the test and control procedures. Significant differences were seen for Hct and PLT and total blood volumes between Leipzig and Porto donors due to higher Hct (p < Plasma Potassium Ion Concentration In Leipzig, potassium was measured in the supernatant fluid after centrifugation of RBCs using the Roche Modular System (Roche Diagnostik GmbH, Mannheim, Germany). Potassium concentration for the Porto RBC units was also measured in Leipzig using cryopreserved supernatants of the blood samples.
ATP Concentration ATP was measured in Leipzig using the enzymatic method with test kits from Greiner Diagnostik GmbH (Bahlingen, Germany). Results are expressed in units of ìmol of ATP per gram of Hb in the RBC product. ATP was not determined in Porto.
Regeneration of Hematological Parameters
Blood count regeneration determined by 7-to 12-day post-procedure complete blood counts of donors was done at Leipzig to identify potential differences between the outcomes of the 2 collection processes.
Statistics
The sample size needed to detect a difference in percent hemolysis between test and controls on day 42 of 0.4%, with 95% probability and 90% power, was determined to be 26 pairs. This assumed the standard deviation (SD) of the within-subject difference between control and test measures to be 0.6%. Paired hemolysis data from the 2 sites were pooled and analyzed using the paired t-test or Wilcoxon signed rank test. The sample sizes in Leipzig (13 pairs) and in Porto (21 pairs) were selected to meet the local requirements for validation of blood components collected using modified systems. Data are expressed as median and mean ± SD. Table 2 shows the RBC product data (Hb yield, rWBC, RBC volume) after the addition of 80 ml SAGM and manual filtration in the case of V5.1/5.2 products, and in-line filtration and automated addition of SAGM for V6.0 products. The apheresis RBC units, resuspended in SAGM, after collection with V6.0 have, compared to V5.1/5.2 units, a significantly higher mean volume (18%) and approximately 20% more Hb per unit.
Final Products
All RBC products, those filtered manually for the V5.1/5.2 collections and those filtered during collection in V6.0 collections, at both sites met the requirement of containing fewer than 1 × 10 6 rWBCs. Table 3 summarizes the PLT product data on day 1 (day after production) (PLT yield, rWBC, PLT volume). The differences in PLT yield and PLT volume with V5.1 (Leipzig) vs. V5.2 (Porto) are due to the differences in targeted collection yield and concentrations (Leipzig -standard volume, Porto -hyperconcentrated volume). Residual WBC counts were similar in the 2 sites, but 1 Porto V6.0 PLT product contained 1.2 × 10 6 rWBC.
0.0001) and lower PLT (p < 0.0001) pre-procedure values and smaller blood volumes (p = 0.01) for Porto donors. All procedures were well tolerated by the subjects. Vital functions (monitoring of pulse, body temperature, blood pressure, oxygen saturation) of donors before, during, and after apheresis were comparable between test (V6.0) and control (V5.1/5.2) runs (data not shown). Table 1 summarizes the main outcomes for the V5.1/V5.2 control and V6.0 test procedures in Leipzig and Porto. Larger inlet volumes were processed during procedures at Porto compared to Leipzig (p = 0.01) due to the higher targeted PLT yield and the lower PLT counts in donors at Porto. Similar volumes were processed to obtain the PLT and RBC products in the V5.1/V5.2 and V6.0 procedures at each site (p > 0.05). PLT collection times were longer at Porto due to (as mentioned above) Porto's higher yields and lower PLT precount donors. PLT collection times were slightly but not statistically significantly longer for V6.0 than for V5.1/V5.2 collections at Leipzig (p = 0.44) and Porto (p = 0.20). RBC collections took 5 min longer with V6.0 than with V5.1/V5.2 procedures at each site. This is due to the Trima-controlled setup time for the in-line filtration in V6.0. RBC collections also took slightly longer for both V5.1 and V6.0 procedures in Leipzig because of the higher yield of RBCs targeted. More than offsetting this at both sites was the longer time to manually add storage solution to the V5.1/V5.2 RBCs compared to Trima Accel V6.0 with automated SAGM addition. The column 'Total RBC Collection and Preparation Time' (table 1) Red 
Apheresis Procedures
Discussion
This study provides data from 2 study sites for RBC plus PLT unit collections using the Trima Accel system V6.0 with the novel features of in-line filtration and automated addition of SAGM to the leukocyte-depleted RBC product. Procedures with Trima Accel V6.0 yielded a higher RBC content in collected RBC units than those performed using V5.1/V5.2 at both sites with no significant differences in decreases in the Table 4 shows the primary RBC measures (percent hemolysis and free potassium) for test and control products stored in SAGM after 1, 21, and 42 days of storage. All RBC units in Leipzig and Porto fulfilled the primary outcome parameterpercent hemolysis in the RBC units after 42 days of storage of less than 0.8% of initial red cell Hb per unit). There were small differences in hemolysis rates between V5.1/V5.2 and V6.0 products at Leipzig and Porto on days 1, 21, and 42, but they reached statistical significance only in Porto where the average hemolysis rates for V5.2 and V6.0 products were 0.28 and 0.37%, respectively. There were also small differences in supernatant potassium concentration in both sites, which reached statistical significance only in Porto with the V5.2 product averaging 50.7 mmol/l and the V6.0 product averaging 52.3 mmol/l. The ATP levels, which were available only for Leipzig RBC products, were not statistically different at any day of storage. The levels for 42-day stored products from both V5.1 and V6.0 platforms averaged 60% of day-1 levels.
RBC Storage Outcomes
The pH values at 37 °C at both sites decreased over storage from 6.9 to 6.4, with very little difference between sites.
Regeneration of Donor Hematological Parameters after Donation
At the Leipzig site, an additional donor sample was taken and analyzed between 7 and 12 days after each collection to examine the regeneration of donor hematological parameters. Due to the paired study approach, each donor was sampled also before the second procedure, i.e. 9 weeks after the first run. Although the RBCs units collected within test proce- RBC units with PLT units, showed changes very similar to those shown here, a 9% average decrease in donor Hb postprocedure which was unchanged 14 days later but returned to within 3% of the pre-procedure level within 6 weeks.
Apheresis RBC products obtained by Trima Accel V5.1/5.2 and V6.0 meet national and European standards for blood products. They can be recommended for routine application. The concurrent collection of RBCs and PLTs can be an advantage for some transfusion recipients, because by co-administration of the 2 blood products, donor exposure and with that sensitization against tissue antigens is reduced. In addition to the PLT products, the RBC products are transfused after brief storage. This may be especially effective in patients with malignant hematological diseases. Patients receiving both RBCs and PLTs several times in the course of therapy can particularly benefit, as the exposure to foreign donors is reduced by half (thereby reducing both the infectious and immunologic risks of transfusion).
In conclusion, the final RBC products obtained with the Trima Accel V6.0 meet the quality requirements for transfusion and have significantly higher Hb content than products collected on Trima Accel V5.1/V5.2. Hemolysis parameters of all RBC units through hypothermic storage are clinically insignificantly influenced by the change in filtration method, and all products were leukoreduced to levels below 1 × 10 6 rWBCs by the in-line filtration process on Trima Accel V6.0. All product specifications for both procedures and at both sites meet European, Portuguese, and German guidelines for blood components [13, 16, 17] .
